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Abstract

This study examines the moderating role of IT innovation in the relationship between the four pillars of supply chain
management—purchasing, demand forecasting, logistics, and customer service—and supply chain effectiveness in the
manufacturing sector in Guangzhou, China. Using partial least squares structural equation modeling (PLS-SEM), the
analysis demonstrates that purchasing, demand forecasting, logistics, and customer service significantly and positively
impact supply chain effectiveness. IT innovation is found to significantly enhance these relationships, underscoring its
critical role in optimizing supply chain operations. The findings highlight IT innovation as a key enabler of operational
excellence, enhancing efficiency and responsiveness in supply chain processes. This research contributes to the
theoretical understanding of IT-driven supply chain management and provides actionable insights for manufacturing
firms aiming to maintain competitiveness in an evolving global market. Implications for theory development,
management practice, and the manufacturing industry are discussed, along with recommendations for future research.

Keywords: Manufacturing Sector; IT Innovation, Supply Chain Effectiveness; Purchasing; Demand Forecasting;
Logistics; Customer Service; Structural Equation Modeling

1. Introduction

China's manufacturing sector has long been a cornerstone of its economic growth, solidifying the nation's position as a
global manufacturing powerhouse. In 2024, China's manufacturing output continued to expand, with the Manufacturing
Purchasing Managers' Index (PMI) indicating a positive trend. The PMI, a key indicator of manufacturing activity,
remained above the neutral 50-point mark, reflecting ongoing expansion in the sector (Asif, Yang, & Hashim, 2024). This
expansion is further supported by the rise of digital transformation, corporate culture, and leadership in improving
corporate sustainable performance (Xie, Zheng, Li, Wang, & Wang, 2024). Additionally, the shift toward energy-saving-
biased technological progress is playing a critical role in the sector's evolution (Lyu, Pang, & Xu, 2024).

Despite this growth, the sector faces several significant challenges. The ongoing housing market crisis has dampened
domestic demand, affecting consumer spending and, consequently, manufacturing output (Abam, Inah, & Nwankwojike,
2024). Furthermore, the trend toward near-shoring, where companies relocate manufacturing closer to their home
countries, has led to increased competition from emerging manufacturing economies such as India and Vietnam (Yao &
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Jin, 2024). Additionally, rising labor costs in China have prompted many manufacturers to consider relocating to other
countries in Southeast Asia, seeking more cost-effective production options (Li, Zhang, & Li, 2024). These factors
collectively pose significant challenges to China's manufacturing sector, necessitating strategic adaptations to maintain
its competitive edge.

The role of key variables such as IT innovation, supply chain management, and operational effectiveness is becoming
increasingly pivotal as manufacturing firms face evolving demands. IT innovation, particularly in the context of digital
transformation, has been linked to improvements in the efficiency and responsiveness of supply chain operations.
Previous studies highlight the positive influence of IT innovations, such as automation, data analytics, and real-time
monitoring systems, in optimizing processes like purchasing, demand forecasting, logistics, and customer service (Xie
etal., 2024). However, findings regarding the exact impact of these innovations on supply chain effectiveness have been
mixed. Some studies show strong positive relationships, suggesting that IT innovation enhances supply chain flexibility
and responsiveness (Li et al., 2024), while others indicate that the benefits of IT adoption are contingent on factors such
as firm size, management commitment, and the specific technological capabilities integrated (Yao & Jin, 2024).
Additionally, IT innovation’s moderating effect on supply chain functions, such as its enhancement of logistics
operations and customer service, has been supported in some studies (Xie et al., 2024), but other research presents
conflicting results, suggesting that the benefits of IT adoption are less pronounced in sectors where traditional
manufacturing processes dominate.

Furthermore, despite the increasing focus on IT innovation and its role in improving supply chain effectiveness, there
remains a gap in understanding the full extent of this influence, particularly in the context of China’s manufacturing
sector. While previous studies have examined individual variables like IT innovation, supply chain management, and
operational effectiveness, few have explored their interconnectedness and the specific moderating effect of IT
innovation on the relationship between various supply chain functions and overall supply chain effectiveness.
Moreover, the conflicting results in previous studies about the direct and indirect effects of each variable underscore
the need for further investigation. Some studies suggest a strong positive relationship between IT innovation and supply
chain efficiency (Xie et al., 2024), while others point to more nuanced or weaker effects depending on contextual factors
such as technological infrastructure, organizational culture, and the strategic focus of the firm (Yao & Jin, 2024). This
gap calls for more comprehensive research that delves deeper into how IT innovation impacts various facets of supply
chain management in the manufacturing sector, accounting for contextual differences and moderating factors, to
provide clearer insights and actionable recommendations for practitioners.

2. Literature Review

2.1. Supply chain management

Supply chain management (SCM) is the process of managing the flow of goods, information, and money from suppliers
to customers (Shou et al. 2019). It aims to make operations more efficient, reduce costs, and improve customer
satisfaction. Kdhkoénen and Patrucco (2022) emphasize that managing purchases and supplies is essential for handling
crises. Srai and Lorentz (2019) explain how digital technology has made supply chains more connected and efficient.
Murfield, Ellram, and Giunipero (2021) highlight the need to focus on sustainability and value creation instead of just
cutting costs.

In the manufacturing sector, SCM ensures that raw materials are procured, processed, and delivered as finished goods
to customers in a timely and cost-effective manner. It plays a critical role in maintaining operational efficiency and
meeting production schedules. Griffin, Gaustad, and Badami (2019) highlight the importance of managing critical
materials to avoid production delays. Effective SCM in manufacturing relies on technologies like automation and data
analytics, as discussed by Flechsig, Anslinger, and Lasch (2022), which streamline processes and reduce errors (Juettner
etal. 2020).

SCM relies on four main pillars: purchasing, demand forecasting, logistics, and customer service. Purchasing involves
buying the right materials effectively, as explained by Bals et al. (2019). Demand forecasting helps predict customer
needs, preventing waste and ensuring resources are available (Srai & Lorentz, 2019). Logistics ensures products are
delivered on time and cost-effectively (Schaffer & Ray, 2020). Customer service focuses on meeting customer
expectations and building loyalty (van Hoek et al., 2020). These pillars work together to make supply chains reliable
and competitive in a fast-changing world.

106



International Journal of Science and Research Archive, 2025, 14(02), 105-123

2.1.1. Purchasing

Purchasing is the process of buying goods and services to meet specific needs. It is essential in supply chain management
because it ensures that the right materials are available at the right time and cost. Benton Jr. (2020) explains that
purchasing helps organizations improve efficiency and reduce costs. Modern purchasing uses tools like artificial
intelligence to make better decisions and streamline processes, as highlighted by Allal-Chérif, Simé6n-Moya, and
Ballester (2021). Factors such as pricing (Ali & Anwar, 2021), storytelling (Junior et al., 2023), and digital marketing
(Al-Azzam & Al-Mizeed, 2021) influence purchasing decisions. Additionally, green purchasing (Hazaea et al., 2022) and
social public purchasing (Hafsa, Darnall, & Bretschneider, 2022) reflect the growing importance of sustainability and
ethical practices.

In the manufacturing sector, purchasing focuses on obtaining raw materials, parts, and tools needed for production.
Schiele (2019) emphasizes its role in keeping production running smoothly. Good purchasing strategies help lower
costs, ensure quality, and promote sustainability. Johnsen et al. (2022) highlight how purchasing supports product
innovation, while Xu, Prybutok, and Blankson (2019) discuss the importance of environmental awareness in
manufacturing procurement. Trust and supplier service quality also play a big role in purchasing decisions in
manufacturing (Rivaldo & Amang, 2022). Overall, purchasing in manufacturing ensures efficient operations and
supports both innovation and sustainability.

2.1.2. Demand forecasting

Demand forecasting involves predicting future customer demand for goods or services using historical data, statistical
methods, and advanced technologies like machine learning. It plays a vital role in decision-making across industries, as
it helps optimize resource allocation, minimize inventory costs, and improve service levels (Seyedan & Mafakheri,
2020). Advanced approaches such as deep learning (Kilimci et al., 2019) and Long Short-Term Memory (LSTM)
networks (Abbasimehr et al., 2020) have improved forecasting accuracy by capturing complex patterns in demand data.
Demand forecasting also considers external factors like promotions (Abolghasemi et al., 2020), calendric events (Huber
& Stuckenschmidt, 2020), and demand volatility. These tools and methods enable businesses to anticipate market
trends and make informed decisions.

In the manufacturing sector, demand forecasting ensures efficient production planning, inventory management, and
supply chain coordination. Accurate forecasts help manufacturers reduce production delays, optimize capacity, and
maintain cost efficiency (Feizabadi, 2022). For example, predictive analytics can enhance supply chain performance by
identifying demand fluctuations (Johannesen, Kolhe, & Goodwin, 2019). In specific industries, such as pharmaceuticals,
forecasting models are tailored to meet sector-specific needs, such as managing perishable products and responding to
sudden demand changes (Merkuryeva, Valberga, & Smirnov, 2019). By incorporating advanced techniques like Bayesian
deep learning (Kulshrestha, Krishnaswamy, & Sharma, 2020) and machine learning (Law et al., 2019), manufacturers
can align production with market needs and adapt to dynamic environments effectively.

2.1.3. Logistics

Logistics is the process of planning, implementing, and controlling the efficient flow of goods, services, and information
from the point of origin to the point of consumption to meet customer requirements. It encompasses transportation,
warehousing, inventory management, and distribution, all aimed at achieving operational efficiency and customer
satisfaction (Harrison et al,, 2019; Bowersox et al., 2020). Logistics has evolved with the introduction of advanced
technologies such as blockchain, drones, and automation, which improve traceability, speed, and overall efficiency
(Tijan et al., 2019; Sah et al,, 2021). The concept of Logistics 4.0 integrates these technologies within the framework of
Industry 4.0, enabling smarter, interconnected systems for managing supply chain processes (Winkelhaus & Grosse,
2020; El Hamdi & Abouabdellah, 2022).

Logistics plays a critical role in ensuring smooth operations and competitive advantage. Manufacturing logistics focuses
on the efficient transportation of raw materials, seamless integration of production and distribution, and minimizing
bottlenecks in supply chain networks (Nechaev et al., 2021; Onstein et al, 2019). The adoption of Logistics 4.0
technologies, such as automation and predictive analytics, enhances productivity and flexibility in production processes
(Tang & Veelenturf, 2019; Sgarbossa et al.,, 2020). Additionally, logistics centers are evolving into smart hubs, equipped
with interconnected systems and real-time data to optimize storage and distribution activities (Yavas & Ozkan-Ozen,
2020). These advancements enable manufacturers to address market demands more effectively while maintaining cost
efficiency and sustainability.
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2.1.4. Supply Chain Effectiveness

Supply chain effectiveness refers to the capacity of supply chain systems to meet organizational objectives by ensuring
seamless operations, reducing risks, and delivering value to stakeholders. It involves aligning supply chain activities
with business goals to optimize performance, increase responsiveness, and meet customer demands (Li, 2022).
Effective supply chains integrate customer relationship management, competent human resources, and robust internal
control systems to enhance operations and reduce inefficiencies (Astuty et al, 2021). Moreover, strategies such as
supply chain finance, risk management, and advanced decision-support tools significantly contribute to building
resilient and efficient supply chains (Nguyen et al., 2022; Okoye et al., 2024).

Supply chain effectiveness is pivotal for achieving operational efficiency, minimizing risks, and sustaining
competitiveness. Manufacturers leverage supply chain finance to improve liquidity and reduce vulnerabilities (Ali et al.,
2019; Beka Be Nguema et al, 2021). Advanced technologies such as the metaverse are increasingly adopted to
streamline processes, enhance collaboration, and boost performance (Alshurideh et al, 2024). Additionally,
vulnerability mitigation strategies and a strong risk culture help manufacturers navigate uncertainties while ensuring
stable and efficient supply chain operations (Kurniawan et al., 2017). Effective practices such as structural modeling of
supply chain factors further enable small and medium enterprises (MSMEs) to address sector-specific challenges and
achieve operational excellence (Mulchandani et al., 2023).

2.1.5. IT Innovation

IT innovation refers to the creation, adoption, and integration of new information technologies to enhance processes,
products, and services, ultimately driving organizational growth and performance. It enables businesses to streamline
operations, improve decision-making, and adapt to dynamic market demands (Chege et al., 2020; Sutrisno et al., 2023).
IT innovation also fosters entrepreneurial activities, job creation, and collaborative networks, particularly for SMEs in
developing countries (Chege & Wang, 2020). Leadership, such as CEOs with IT expertise, plays a critical role in
promoting digital innovation by shaping organizational culture and strategy (Zhao et al, 2024). Furthermore,
collaboration within supply chains and harmonized IT affordances significantly enhance an organization's innovative
capabilities (Jimenez-Jimenez et al., 2019; Chatterjee et al., 2020).

IT innovation is a vital enabler of operational efficiency, product quality, and sustainability on the manufacturing sector.
Manufacturers leverage IT to achieve supply chain collaboration, optimize production processes, and address
environmental challenges such as greenhouse gas emissions (Miskiewicz, 2021). IT innovation also facilitates
internationalization for SMEs by reducing barriers and enhancing competitive advantage in global markets (Lecerf &
Omrani, 2020). Moreover, health-related manufacturing benefits from IT-driven digital solutions, promoting
advancements in care systems and knowledge sharing (Cresswell & Sheikh, 2013; Sheikh et al., 2021). The integration
of IT with innovative practices thus serves as a cornerstone for transforming the manufacturing landscape and ensuring
adaptability in evolving markets.

2.1.6. Theory

To provide a comprehensive understanding of how IT innovation influences the effectiveness of supply chain
management, this study adopts two pivotal theories: the Resource-Based View (RBV) and the Technology-Organization-
Environment (TOE) Framework.

The Resource-Based View, as conceptualized by Barney (1991) and further developed by Kozlenkova, Samaha, and
Palmatier (2021), emphasizes the strategic importance of internal resources and capabilities in achieving competitive
advantage. This theory asserts that firms with valuable, rare, inimitable, and non-substitutable resources can
outperform their competitors (Barney et al., 2012). In the context of IT innovation, RBV highlights the role of advanced
technological assets and skilled human resources in enhancing supply chain integration, collaboration, and performance
(Chege & Wang, 2020). Recent studies by Kero and Bogale (2023) and Kozlenkova et al. (2021) further validate the
relevance of RBV in analyzing how IT-driven innovations such as automation and data analytics optimize resource
allocation, reduce costs, and improve operational efficiency in supply chain management.

Complementing this, the Technology-Organization-Environment (TOE) Framework provides a holistic perspective on
the adoption and implementation of IT innovation. Originally proposed by Tornatzky and Fleischer (1990), this
framework emphasizes that technological advancements, organizational readiness, and external environmental
pressures collectively influence technology adoption (Baker, 2020). The TOE Framework posits that supply chain
effectiveness is driven not only by the availability of technology but also by organizational factors such as leadership,
culture, and strategic alignment, as well as external factors like market demands and regulatory requirements (Yunis,
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Tarhini, & Kassar, 2022). Studies by Satyro et al. (2024) and Zhao et al. (2024) highlight that aligning IT innovation with
organizational objectives and environmental conditions fosters enhanced agility, resilience, and sustainability in supply
chains.

2.2. Hypothesis

2.2.1. Purchasing Linked with Supply Chain Effectiveness

Purchasing plays a significant role in enhancing supply chain effectiveness, particularly in the manufacturing sector.
The literature reveals several perspectives on the connection between purchasing and supply chain outcomes.
According to Hazaea et al. (2022), green purchasing practices, which focus on environmentally responsible
procurement decisions, are essential in improving the sustainability and long-term effectiveness of supply chains. Their
research suggests that adopting sustainable purchasing practices contributes positively to the operational efficiency of
manufacturing firms by aligning procurement strategies with environmental and social responsibilities. Additionally,
Alshurideh et al. (2024) argue that incorporating emerging technologies like the metaverse can streamline purchasing
processes, thereby improving supply chain effectiveness through enhanced communication, data management, and
decision-making.

Contrasting with these findings, Kurniawan et al. (2017) observed that while purchasing decisions are crucial for supply
chain performance, risk mitigation strategies, such as diversification of suppliers, can sometimes complicate purchasing
practices. This diversification can increase supply chain complexity, particularly when managing a larger pool of
suppliers, and may not always lead to the desired improvements in effectiveness. Moreover, Junior et al. (2023)
emphasized that while consumer purchasing behavior is influenced by various marketing factors, it is not always the
purchasing decisions themselves that improve supply chain performance, but rather how those decisions align with
broader supply chain management strategies and the level of innovation incorporated into purchasing processes. This
hypothesis is thus developed based on the comprehension of the debate above:

H1: Purchasing has a significant effect on supply chain effectiveness

2.2.2. Demand Forecasting Linked with Supply Chain Effectiveness

Demand forecasting is another critical element affecting the effectiveness of supply chains in the manufacturing sector.
Li (2022) and Abbasimehr et al. (2020) underscore that accurate demand forecasting, powered by advanced
technologies such as decision support systems and machine learning, significantly boosts supply chain effectiveness by
enabling manufacturers to anticipate customer needs, optimize inventory management, and minimize costs. Their
studies suggest that improved forecasting systems lead to a more agile and responsive supply chain, enhancing overall
operational efficiency.

However, studies by Huber & Stuckenschmidt (2020) and Kilimci et al. (2019) present a more nuanced view, suggesting
that while demand forecasting models can improve efficiency, the inherent volatility in demand, especially in industries
susceptible to rapid changes in consumer behavior, can undermine their effectiveness. They argue that demand
forecasting models based on past data and machine learning algorithms can sometimes fail to account for sudden shifts
in market trends, leading to inaccurate predictions and reduced supply chain performance. Additionally, Nguyen et al.
(2022) highlighted that in the context of small and medium-sized enterprises (SMEs) in manufacturing, reliance on
demand forecasting often conflicts with their limited technological capabilities, ultimately hindering supply chain
efficiency.

H2: Demand Forecasting has a significant effect on supply chain effectiveness

2.2.3. Logistics Linked with Supply Chain Effectiveness

The role of logistics in improving supply chain effectiveness in manufacturing firms has been explored extensively in
recent years. Yavas & Ozkan-Ozen (2020) highlight that the integration of Industry 4.0 technologies in logistics—such
as automation, robotics, and IoT—can significantly improve efficiency by reducing lead times and enhancing
coordination across the supply chain. They argue that logistics centers that adopt smart technologies can streamline the
flow of goods, reduce errors, and ultimately drive supply chain effectiveness.

On the contrary, Sah etal. (2021) emphasize the barriers to implementing advanced logistics technologies, such as drone

delivery systems, in certain manufacturing environments. They note that despite the potential benefits, technological
adoption in logistics may face resistance due to high initial costs, regulatory concerns, and operational complexities.
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Similarly, Nechaev et al. (2021) argue that logistical inefficiencies, such as outdated infrastructure or inefficient
transportation networks, can negate the positive impact of advanced technologies, particularly in regions with limited
access to high-tech logistics solutions. Thus, this hypothesis is derived from an understanding of the aforementioned
debate:

H3: Logistics has a significant effect on supply chain effectiveness

2.2.4. Customer Service Linked with Supply Chain Effectiveness

Customer service has a significant impact on the effectiveness of supply chains, as it directly influences customer
satisfaction, retention, and overall supply chain responsiveness. Sheehan et al. (2020) and Nyagadza et al. (2024)
explore the role of customer service technologies, particularly chatbots, in improving customer interactions and service
efficiency. Their findings suggest that the integration of Al-driven customer service solutions can help manufacturers
respond more quickly to customer inquiries, resolve issues efficiently, and improve the overall customer experience,
thereby enhancing supply chain effectiveness.

However, Rita et al. (2019) and Wilson et al. (2020) argue that the over-reliance on automated customer service
systems, such as chatbots, could lead to a reduction in the personalized experience that some customers expect,
particularly in high-touch industries like manufacturing. They contend that while Al solutions improve efficiency, they
may compromise the quality of customer service, especially when complex problems require human intervention. This
lack of personal interaction may harm the customer experience and, consequently, the effectiveness of the overall
supply chain.

H4: Customer Service has a significant effect on supply chain effectiveness

2.2.5. IT Innovation as Moderator

Chege, Wang, and Suntu (2020) explore how IT innovation moderates the relationship between resource management
and firm performance. Their findings in the Kenyan context suggest that firms leveraging IT innovation experience
enhanced decision-making, streamlined operations, and increased productivity. This moderating effect occurs as IT
innovation integrates with existing systems to optimize resource utilization, thus amplifying the positive impact of
effective resource management on firm performance (Sutrisno et al.,, 2023; Miskiewicz, 2021).

Similarly, Zhao et al. (2024) emphasize the influence of leadership on IT innovation as a moderating factor. The study
highlights that CEOs with IT expertise strengthen the link between organizational innovation initiatives and financial
outcomes. This leadership-driven IT adoption ensures that innovation aligns with strategic goals, enhancing the
relationship between organizational innovation and performance metrics (Chatterjee et al., 2020).

Jimenez-Jimenez, Martinez-Costa, and Sanchez Rodriguez (2019) examine the role of IT innovation in moderating the
relationship between supply chain collaboration and firm innovation. They found that IT innovation facilitates real-time
data sharing, process synchronization, and enhanced communication, which strengthen collaboration among supply
chain partners. As a result, the synergistic effect of collaboration on innovation is magnified, particularly in complex
manufacturing environments (Lecerf & Omrani, 2020).

Hb5: Use of IT moderates the relationship between four pillars and supply chain effectiveness.

3. Methodology

3.1. Research Participants and Data

The respondents for this study were selected from manufacturing companies located in Guangzhou, China. Only
manufacturing companies that have been in operation for at least three years were included in the study, while those
operating for less than three years were excluded. The respondents comprised top managers and executives from the
manufacturing sector within the Guangzhou area.

The number of samples is a minimum of 124 respondents based on the priori statistical power analysis using G Power

with power =.80(1 - B), effect size =.25, and o =.05. Statistical power analysis is the appropriate method in computing
for the sample size if the goal is to accept or reject any hypothesis (Cohen, 1992; Jobst et al., 2023).
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3.2. Instrumentation

The survey questionnaire served as the primary data collection instrument for this study. Likert scale items were
designed based on insights and frameworks established in previous literature to ensure the accurate measurement of
each construct. Table I provides a detailed overview of the constructs and their corresponding measurement items.

Table 1 Likert Scale Items

Variables/Constructs

Questionnaire Items / Indicators

Source

Purchasing

Specific information technology innovation support or
enhance order processing, invoicing and settling accounts
with our major supplier.

Innovation on information technology has shorten the
length of the supply chain process.

We and our main supplier are able to cope with changes
brought about by the supply chain disruptions due to
innovations on IT.

We are able to maintain a high order-fill rate from our
supplier due to IT innovations

Allal-Chérif, Sim6n-Moya, &
Ballester, (2021). Benton
(2020).

Demand Forecasting

Our supply chain has the ability to quickly modify
products to meet customer requirements due to IT
innovations

Due to IT innovations our supply chain allows us to
quickly introduce new products into our markets.

IT innovations support our leveraging of customer’s
expertise to create new business opportunities.

Seyedan &  Mafakheri,
(2020). Feizabadi, (2022).

Logistics

IT innovation support task of managing warehouse stock
and inventories with our major customers.

IT innovation support our exchange of shipment and
delivery information with our major customers.

IT innovation support for our daily work such as
documentation, processing with our major customers.

Our supply chain because of IT innovation were able to
make deliveries in full and on-time.

Yavas & Ozkan-Ozen, (2020).
Winkelhaus & Grosse,
(2020).

Customer Service

IT innovations supports the company understand trends
in customer preferences.

IT innovations base support help us coordinate with our
major customers.

Specific IT innovations support the company integration
effort with major customers.

IT innovation support leveraging of our customer’s
expertise to create new business opportunities.

Lee & Lee, (2020). Rita,
Oliveira, & Farisa, (2019).

Supply Chain

Effectiveness

We have multiple supply sources for most purchased
items.

We are able to replace one supply source for another in a
short time.

Our major suppliers are willing to accommodate changes
that we have requested.

We have strategic goals of investing in major suppliers to
increase their capabilities.

Li, (2022). Ali, Gongbing, &
Mehreen, (2019).
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The questionnaire items were designed to measure each construct or latent variable that was defined in the conceptual
framework using a 4-point Likert scale. The degree to which respondents agree with each of these claims determines

how they rate it (Hair et al,, 2011).

3.3. Statistical Treatment

The partial least squares structural equation modeling (PLS-SEM) approach was employed in this study, following the
guidelines and recommendations of Hair et al. (2022). Initially, the measurement model was evaluated to assess the
construct validity and reliability, ensuring the robustness of the constructs. Subsequently, the structural model was
developed by examining both the direct and indirect effects among the variables, as outlined by Hair et al. (2011). This
two-step procedure ensured a comprehensive analysis of the hypothesized relationships and the moderating effects

within the model.

4. Data Analysis

4.1. Measurement Model Evaluation

Construct Validity and Scale Reliability

Table 2 Construct Validity and Scale Reliability

Construct

Items

Cronbach's a

Loadings

Ave. Var. Ext.

Purchasing

0.816

0.854

0.869

0.799

0.89

0.729

Demand Forecasting

0.795

0.759

0.876

0.837

0.681

Logistics

0.829

0.883

0.763

0.859

0.779

0.677

Customer Service

0.844

0.836

0.711

0.732

0.881

0.629

Supply Chain Effectiveness

W IN| R[S W NP WIN[FRWIDN R[] W N

4

0.86

0.811

0.705

0.714

0.798

0.575

Note: All loadings have a p-value of <.001.

The reliability and convergent validity test results are shown in Table 2. All survey items measuring each construct
considerably exceeded the required Cronbach’s coefficient value of at least 0.70. This evidence the reliability of each

construct.
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In establishing convergent validity, the standard is that all loadings and all Average Variance Extracted (AVE) should be
=>0.50. Based on the analysis, the relevant constructs' items exceed these standards. As a result, these items were valid
in measuring each construct.

4.2. Structural Model Evaluation

4.2.1. Structural Path Results
Table 3 Structural Path Results

Path Estimate | SE z p Interpretation

Purchasing to Supply Chain Effectiveness 0.8345 0.0298 | 27.999 | <.001 | H1 Accepted

Demand Forecasting to Supply Chain Effectiveness | 0.5270 0.0624 | 8.44 <.001 | HZ Accepted

Logistics to Supply Chain Effectiveness 0.4259 0.0398 | 10.7 <.001 | H3 Accepted

Customer Service to Supply Chain Effectiveness 0.4518 0.0376 | 12.03 | <.001 | H4 Accepted

Table 3 shows the regression path results. The findings indicate that purchasing positively affects supply chain
effectiveness (3 = 0.8345; p < .001). This suggests that for every 1-level increase in purchasing, supply chain
effectiveness is expected to increase by 0.8345. Thus, H1 is accepted.

The results show that demand forecasting positively affects supply chain effectiveness ({3 = 0.5270; p < .001). This
implies that a 1-level increase in demand forecasting is associated with a 0.5270 increase in supply chain effectiveness.
Therefore, H2 is accepted.

The analysis demonstrates that logistics significant affects the supply chain effectiveness positively (2 = 0.4259; p <
.001). A 1-level increase in logistics predicts a 0.4259 increase in foreign supply chain effectiveness. Thus, H3 is
accepted.

The findings reveal that customer service positively affects supply chain effectiveness (2 = 0.4518; p <.001). A 1-level
increase in customer service is associated with a 0.4518 increase in supply chain effectiveness. H4 is accepted.

4.3. Moderating Effect of the IT Innovation between Four pillars of Supply Chain Management and Supply Chain
Effectiveness

Table 4 Results of the moderating effect of the IT Innovation between Four pillars of Supply Chain Management and
Supply Chain Effectiveness

Path Estimate | SE Z P Interpretation
Purchasing *k IT Innovation 0.2654 0.0209 | 0.382 | 0.006 | H5 Accepted
Demand Forecasting > IT Innovation | 0.126 0.0382 | 3.31 | <.001

Logistics > IT Innovation 0.0722 0.0247 | 292 | 0.003

Customer Service ¢ IT Innovation 0.0834 0.0236 | 3.53 | <.001

The results in Table 4 reveal that IT Innovation significantly moderates the relationship between the four pillars of
Supply Chain Management—Purchasing, Demand Forecasting, Logistics, and Customer Service—and Supply Chain
Effectiveness. Specifically, the moderating effect of IT Innovation on the relationship between Purchasing and Supply
Chain Effectiveness is positive and significant (3 = 0.2654, p = 0.006), indicating that IT Innovation strengthens the
impact of Purchasing on Supply Chain Effectiveness. Similarly, IT Innovation significantly enhances the relationship
between Demand Forecasting and Supply Chain Effectiveness (2 = 0.126, p < 0.001), demonstrating its critical role in
improving the predictive capabilities of demand forecasts.

Furthermore, the moderating effect of IT Innovation on the Logistics-Supply Chain Effectiveness relationship is also

significant (3 =0.0722, p = 0.003), highlighting the importance of IT Innovation in optimizing logistics operations. Lastly,
IT Innovation significantly moderates the relationship between Customer Service and Supply Chain Effectiveness (=
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0.0834, p < 0.001), emphasizing its role in enhancing customer service processes. These findings collectively suggest
that IT Innovation is a critical enabler, enhancing the effectiveness of various supply chain functions. H5 is accepted.

a5
4 8x-0.2532
35 Moderator
3 ¥=1.1392x+1.2432 —4=_Low IT Innovation
25 =@=High IT Innovation
2
15
1

Low Purchasing High Purchasing

Figure 1 Simple Slope Analysis of the Moderating Effect of IT Innovation on the relationship between Purchasing and
Supply chain effectiveness

The graph illustrates a moderation analysis examining how the relationship between Purchasing and Supply Chain
Effectiveness is influenced by the level of IT Innovation (moderator). Two lines, representing low and high levels of IT
Innovation, show differing relationships between Purchasing and Supply Chain Effectiveness.

For low IT Innovation (blue line), the relationship between Purchasing and Supply Chain Effectiveness is relatively weak
but positive. The slope equation, y = 1.1392x + 1.2432, indicates that for every 1-unit increase in Purchasing, Supply
Chain Effectiveness increases by 1.1392 units. While this shows a positive effect, the slope is relatively moderate,
suggesting that when IT Innovation is low, improvements in Purchasing have a moderate, but not highly impactful, effect
on Supply Chain Effectiveness.

In contrast, for high IT Innovation (red line), the relationship between Purchasing and Supply Chain Effectiveness is
significantly stronger. The slope equation, y = 2.2008x - 0.2532, indicates that for every 1-unit increase in Purchasing,
Supply Chain Effectiveness increases by 2.2008 units. This represents a much steeper slope, signifying that when IT
Innovation is high, improvements in Purchasing have a more pronounced and impactful effect on Supply Chain
Effectiveness.

5 -
45
4 -
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5 === Low IT Innovation
25 == High IT Innovation
2 4
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Figure 2 Simple Slope Analysis of the Moderating Effect of IT Innovation on the relationship between
Demand Forecasting and Supply chain effectiveness
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The graph illustrates a moderation analysis examining how the relationship between Demand Forecasting and Supply
Chain Effectiveness is influenced by the level of IT Innovation (moderator). Two lines, representing low and high levels
of IT Innovation, show differing relationships between Demand Forecasting and Supply Chain Effectiveness.

For low IT Innovation (blue line), the relationship between Demand Forecasting and Supply Chain Effectiveness is
positive but relatively weak. The slope equation, y = 0.802x + 1.66, indicates that for every 1-unit increase in Demand
Forecasting, Supply Chain Effectiveness increases by 0.802 units. While this represents a positive relationship, the slope
is moderate, suggesting that when IT Innovation is low, improvements in Demand Forecasting have a moderate effect
on enhancing Supply Chain Effectiveness.

In contrast, for high IT Innovation (red line), the relationship between Demand Forecasting and Supply Chain
Effectiveness is significantly stronger. The slope equation, y = 1.306x + 1.178, indicates that for every 1-unit increase in
Demand Forecasting, Supply Chain Effectiveness increases by 1.306 units. This represents a steeper slope, highlighting
that when IT Innovation is high, improvements in Demand Forecasting lead to a more pronounced and impactful
increase in Supply Chain Effectiveness.

9962x+ 1.869 Moderator

=¢=_ow IT Innovation

3 -
y=0%074x+ 1.5756
2.5 4 —@—High IT Innovation

Low Logistics High Logistics

Figure 3 Simple Slope Analysis of the Moderating Effect of IT Innovation on the relationship between Logistics and
Supply chain effectiveness

The graph illustrates a moderation analysis examining how the relationship between Logistics and Supply Chain
Effectiveness is influenced by the level of IT Innovation (moderator). Two lines, representing low and high levels of IT
Innovation, show differing relationships between Logistics and Supply Chain Effectiveness.

For low IT Innovation (blue line), the relationship between Logistics and Supply Chain Effectiveness is positive but
relatively weak. The slope equation, y = 0.7074x + 1.5756, indicates that for every 1-unit increase in Logistics, Supply
Chain Effectiveness increases by 0.7074 units. While this shows a positive effect, the slope is moderate, suggesting that
when IT Innovation is low, improvements in Logistics have a moderate, but not highly impactful, effect on Supply Chain
Effectiveness.

In contrast, for high IT Innovation (red line), the relationship between Logistics and Supply Chain Effectiveness is
stronger. The slope equation, y = 0.9962x + 1.869, indicates that for every 1-unit increase in Logistics, Supply Chain
Effectiveness increases by 0.9962 units. Although the slope is steeper than for low IT Innovation, it is still less
pronounced compared to the impact seen in some other moderating conditions. This suggests that when IT Innovation
is high, improvements in Logistics lead to a more significant enhancement of Supply Chain Effectiveness, but not as
strongly as in cases with more pronounced moderating factors.
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Figure 4 Simple Slope Analysis of the Moderating Effect of IT Innovation on the relationship between Customer
Service and Supply chain effectiveness

The graph illustrates a moderation analysis examining how the relationship between Customer Service and Supply
Chain Effectiveness is influenced by the level of IT Innovation (moderator). Two lines, representing low and high levels
of IT Innovation, show differing relationships between Customer Service and Supply Chain Effectiveness.

For low IT Innovation (blue line), the relationship between Customer Service and Supply Chain Effectiveness is positive
but relatively weak. The slope equation, y = 0.7368x + 1.5499, indicates that for every 1-unit increase in Customer
Service, Supply Chain Effectiveness increases by 0.7368 units. While this represents a positive effect, the slope is
moderate, suggesting that when IT Innovation is low, improvements in Customer Service have a moderate impact on
enhancing Supply Chain Effectiveness.

In contrast, for high IT Innovation (red line), the relationship between Customer Service and Supply Chain Effectiveness
is stronger. The slope equation, y = 1.0704x + 1.7393, indicates that for every 1-unit increase in Customer Service,
Supply Chain Effectiveness increases by 1.0704 units. This represents a steeper slope compared to the low IT Innovation
condition, signifying that when IT Innovation is high, improvements in Customer Service lead to a more substantial and
impactful increase in Supply Chain Effectiveness.

5. Conclusion

5.1. Purchasing to Supply Chain Effectiveness

Purchasing significantly and positively influences supply chain effectiveness. Efficient procurement processes ensure
the timely acquisition of raw materials and components, which are essential for uninterrupted production. Strategic
sourcing and supplier relationship management directly contribute to operational efficiency and cost reduction. This
aligns with existing research emphasizing the critical role of effective purchasing in manufacturing, where material
quality and supplier reliability significantly impact overall performance (Kannan & Tan, 2018; Jin et al., 2022).

5.2. Demand Forecasting to Supply Chain Effectiveness

Demand forecasting is crucial for enhancing supply chain effectiveness in manufacturing. Accurate forecasts allow
manufacturers to align production schedules with market demands, minimize excess inventory, and optimize resource
allocation. This finding resonates with prior studies highlighting that robust demand forecasting capabilities are critical
for reducing lead times and improving manufacturing agility (Chopra & Meindl, 2019; Wang et al,, 2021). Effective
forecasting enables manufacturers to respond proactively to market fluctuations, ensuring competitiveness.

5.3. Logistics to Supply Chain Effectiveness

Logistics plays a pivotal role in driving supply chain effectiveness within the manufacturing industry. Efficient logistics
management ensures the seamless flow of materials from suppliers to production facilities and finished goods to
customers. By reducing transit times and optimizing transportation routes, logistics can significantly enhance
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operational efficiency. This conclusion aligns with earlier research emphasizing the importance of logistics in reducing
costs and improving customer satisfaction in manufacturing supply chains (Christopher, 2016; Govindan et al., 2020).

5.4. Customer Service to Supply Chain Effectiveness

Customer service positively impacts supply chain effectiveness by fostering strong relationships with clients and
meeting their expectations for timely and high-quality deliveries. In the manufacturing sector, superior customer
service translates to improved brand reputation and loyalty, which are critical for maintaining long-term partnerships.
This finding supports existing literature, which highlights the importance of customer-centric approaches in
manufacturing supply chains to achieve a competitive edge (Homburg et al., 2018; Abolhassani et al., 2023).

5.5. Moderating effect of IT Innovation

The results highlight the significant role of IT Innovation in moderating the relationship between key pillars of Supply
Chain Management—Purchasing, Demand Forecasting, Logistics, and Customer Service—and overall Supply Chain
Effectiveness in the manufacturing sector.

5.6. IT Innovation and Purchasing

IT Innovation strengthens the impact of Purchasing on Supply Chain Effectiveness in manufacturing companies.
Technologies such as e-procurement, supplier collaboration platforms, and automated purchasing systems can improve
the efficiency and cost-effectiveness of procurement processes. This is particularly important in manufacturing, where
timely access to high-quality materials at competitive prices directly influences production efficiency and product
quality. This aligns with studies showing that IT innovations in purchasing processes help manufacturers reduce lead
times, enhance supplier relationships, and streamline sourcing decisions (Chong et al.,, 2020; Lee et al,, 2022).

5.7.IT Innovation and Demand Forecasting

The moderating effect of IT Innovation on the Demand Forecasting-Supply Chain Effectiveness relationship
demonstrates how advanced IT tools—like predictive analytics, big data, and artificial intelligence (Al)—enhance the
accuracy of demand forecasts in the manufacturing sector. IT innovation enables manufacturers to predict customer
demand with greater precision, resulting in optimized inventory levels, reduced stockouts, and more responsive
production schedules. These findings are in line with research showing that IT-based forecasting systems improve
demand visibility and help manufacturers make more informed decisions, reducing operational inefficiencies (Hsu et
al,, 2019; Wang et al., 2021).

5.8. IT Innovation and Logistics

IT Innovation significantly moderates the relationship between Logistics and Supply Chain Effectiveness, reinforcing its
importance in optimizing logistics operations within the manufacturing sector. Technologies such as real-time tracking
systems, route optimization software, and automated warehouses improve the efficiency and reliability of
transportation and distribution channels. These innovations help manufacturers reduce operational costs, ensure
timely delivery of raw materials, and optimize the movement of finished goods. This finding supports the literature that
emphasizes the role of IT in enhancing logistics operations, particularly in terms of cost reduction and improving supply
chain responsiveness (Xu et al., 2020; Zohdi et al., 2021).

5.9. IT Innovation and Customer Service

The results indicate that IT Innovation moderates the relationship between Customer Service and Supply Chain
Effectiveness. In manufacturing, customer service improvements driven by technologies such as Customer Relationship
Management (CRM) systems, Al-powered chatbots, and automated service platforms enable more responsive and
personalized interactions with customers. These technologies help manufacturers improve order accuracy, delivery
schedules, and customer satisfaction, which are critical in maintaining competitive advantage. This finding is consistent
with research showing that IT-enabled customer service tools enhance communication and service responsiveness,
thereby contributing to supply chain effectiveness (Mollenkopf et al., 2018; Kim et al.,, 2021).

Implications

e For theory development

The study’s findings contribute to the theoretical advancement of the Resource-Based View (RBV) and Technology-
Organization-Environment (TOE) framework. The integration of IT Innovation with supply chain functions emphasizes
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how technological capabilities enhance the strategic resources of manufacturing firms, aligning with RBV’s notion that
resources (like technology) contribute to competitive advantage. In this context, IT innovation is a critical resource that
strengthens supply chain capabilities, driving operational effectiveness and organizational performance. The results
also enhance the TOE framework by showing that the adoption of IT innovations in manufacturing is not only influenced
by organizational characteristics (e.g, top management support, resources) but also by technological and
environmental factors, thus offering a broader perspective on the factors that impact technology adoption in supply
chain management. This integration advances our understanding of how technological resources and contextual factors
interplay to shape supply chain effectiveness in the manufacturing industry.

e Business and management practice

The findings underscore the importance for manufacturing firms to embrace IT innovation as a strategic enabler to
improve supply chain performance. Managers should invest in and prioritize IT systems that integrate purchasing,
demand forecasting, logistics, and customer service functions to maximize operational efficiency. These technologies
help streamline processes, reduce costs, and enhance flexibility in the face of market demands. Furthermore, managers
should foster a culture of innovation within their organizations to encourage the adoption of digital tools that improve
supply chain responsiveness. The insights from this study suggest that IT innovation should not be viewed as an isolated
investment but as a critical component of an integrated business strategy that links technology adoption to overall
business objectives and competitive advantage. By aligning IT innovation with operational practices, manufacturing
companies can strengthen their supply chain effectiveness and improve customer satisfaction, ultimately leading to a
more resilient and competitive position in the global market.

e Manufacturing Sector

The findings indicate that the manufacturing industry should prioritize the adoption and integration of IT innovations
across critical supply chain functions to enhance overall supply chain effectiveness. Manufacturing firms must recognize
that IT tools such as predictive analytics, automated logistics systems, and real-time inventory management can
significantly optimize purchasing decisions, improve demand forecasting, streamline logistics, and enhance customer
service. These innovations help companies reduce lead times, minimize inventory costs, and ensure that production
schedules align with actual market demand. Additionally, the results suggest that manufacturing firms must continue
to invest in emerging technologies to remain competitive in the ever-evolving global market. By integrating IT
innovations into their supply chain management processes, manufacturers can improve operational efficiency, reduce
costs, and improve their ability to respond to market changes, thus maintaining a strong competitive position and
ensuring long-term sustainability in an increasingly technology-driven industry.
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